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ZNTRODUCTIOA' 
M a n y a n a l y b c a l t e c i o u c p l e s ~ ~ ~ ~ f o r c o a l r e s e a r c h a ~ ~ ~ d d a f a \ t a v e ~ ~ d t h e  
constmaon of model chenucal stnrdures of coal The conshuctlon of model struchm of coal IS 

unporourt rn unprvvmg our un- of the relahomhps behwen d structure and I& 

pmpmt~es, ttus knowledge can lead to more ef fdve  and ecxnormcal methods of coal convmon 
hno et al inveshgated the exhact fiactiom o b n e d  from the exhacbon of Upper Freeport coal wth 
a carbon d1sulfide/N-methyl-2-py~rol1dmone nuxed solvent at mom temperature and the 
liacbonal~on wth acetone and py~~dme by usmg H NMR elemffltary analysis, SEC and hydroxyl 
group w o n .  Based on the stmctd patameten obta~ned I e ,  f,(ammahcity), u (the 
degree of subshtuhon on aromat~c ring) and H a  JCa .(the degree of condensahon of the ammat~c 
nngs), Tkkanohh et al co- the model sbuctum of the extract fiachom, as shown in Fig 
1 m, for d&mg the NMR c h e m ~ d  shfb of known mokdar shuctures, s e v d  
programs have been developed We modlfied the chem~cal sbuctlne of Upper Freeport coal 
exhactscondn&dbyT&dal usmgthe ' 3 C N M R c h e n u c a l ~ c a l c ~ m  The 
purpose of the pres~d work is to improve the model sbuchm by cornpanson of actual and 
calculated sohd-state 3c Nhm spectm 

EXPERIMENTAL 
Sample: The (60 wto/o on mw coal Mi) from a carbon disulfideM-methyl-2- 
pyrrolidinonemixedsolvente~atroomtRnperahneforUpperFreeportcoalwas~onated 
with acetone and pyridine into h e  liactions, ie., acetonesoluble (AS), acetone-insolubldpyridine 
soluble (PS),  and pyT&winsoluble (PI) 6acbm. Thee extract fiactions of Upper Freeport ccal 
were used as samples. Dataon shuctud analysis ofthe extracts are summarized in Table 1. 
NMR meawrementp: solid-state Y NMR measuranents w r e  made by the S P W  method 
using a chemmagnetics CMX-300 Nh4R sptromter. About 100 mg of sample were packed in 
the sample mm. The measuringcmditions sere as foUows: thew" 'H puke width was4 w s, "c 
tiqmcy, 75.46 spinning rate of MAS, IO W number of m, 2000; and pulse repetition 
h i e ,  60 s Chemical shifts were cabrated with respect to tetmmethylsilane using the 
hemethyltmmne's methyl group peak at 17.4 ppm as the external stdndard 
chemical shift shufations: chemical shift cakulariors WIT carried out using ACD Laboratory 
CNbfR pmktor software. Thomas et a\. calculated '% chemical shifts for some substrhded 
pyridines using s e v d  NMR predidon programs and showed that the CNMR p d c t o r  gave the 
best results in thir work.' Kohnert et al. evaluated and tested forpredicijon of NMR spectm of 
photosynthetic metabolites using the CNMR pred~tor.~ The s o h u e  allows tmiment of 
molecules mntaimg up to 256 carbon atom The software calculates chemical shifts by seadung 
for similar 5lbmImd hpleilt with the expainend shii? value in the internal 
database and evalua!mg the chemical shift value &g into account intmnolccular intadctions. 
Using the soffwm, WR calculated the chanieal shifts of dl ca160ns of each model structlire 
~~mtmcted by Takmdmhi et al.' Next, the d a  'V NMR qxcha were obtained by 
cmidaing an Line width to each peak and summing, supposing that dl peaks WE 

Gaussian peaks.(Thb process was performedby Spinsight ver.3.5.2 software.) The line width fitted 
totheactual spectmwas adop2ed. For AS, PS and Pi, the line width for aromaticcarbon was 814 
Hz, 1203 Hz and IWHz, respectively, and the line width for aliphatic carbon was 354 Hz, 460 Hz 
and @lW respedively. As the fraction became lighter, the line width of a h  peak became 
Ilanower, WiIh -w lines for aliphatic than for aromatic CaIt lOn Althougts all aromatic or 

. 
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RESULTS AND DISCUSSION 
F1g2 shows the expmmentaJ NMR spectra of the extraa tiac%m and thecalculated NMR Specaa 
for model shuctures of each fmctlon For AS, wtb regad to the acbd spectra, the model shuchne 
had hgh liad~ons for non-protonated aromat~c carbon (125-140 p) and CH, GXbON15-s 
p), and low M o n s  for ptonated aromatic ~~b0dJo0-120 p), CH, GXbON30-45 
p p )  and methyl carbon(o-i5 ppm) We added methyl carbon to the model sbuctuc of AS and 
reduced the substltllted mmaht carbon and fl CH2 carbon The mullmg structure of AS IS 

shown m Fig ,(a) and the calculatedNMR spectnrm fwthe d model IS shown UI 
Figqa) wth the measured spectrum For PS and PI, the model shwhnes had lugh fiactlons for 
non-protonated aromahc carbon (125-140 ppm) and CH, &1f35-50 ppm), and low fiacbons 
for methyl Carbon(0-20 ppn) We added methyl cuton to the model strmtum of PS and PI and 
reduced the subst~tuted ammahc carbon Figs 3(b) and (c) show the d h n g  structures of PS and 
PI that best fitted the actual spectm Fig 4(b) and qc)  show the calculated NMR specba of the 
rewsed model shuctures wth the measured specba We mdfied all $mchxes of extmct fiachons 
w n l y  by addrng metfiyl and &yl groups and reducing naphmemc nng strudures l h s  mhcates 
tha! the all llutlal sbuctum lacked methyl and ethyl groups and wae nch m naphthemc nng 
struchnes, wtuch we could not -sh by the previous analflcal dah By these techmques, the 
co&on of the model stnmres for the extract 6achons could be made 

ThechermCalshiftat60 - 8 O p p m c o r r e s p o n d s t o t h e a l 1 ~ c ~ ~ ~ o x y g e n  
such as -CH2-€)-, wtuch IS thought to be unpomnt for the crosshnk of coal For the calculated 
spectra for PS and PI, the peaksappeared m tlus chenucal duft mnge Consldenngthe crossW m 
coal, such oxygen wntamng methylene bonds p ~ b l y  e m  m coal, but the achd qxcm showed 
no peak m t h ~ s  chenucal dufl range between aromat~c and allphahc carbon pak, and we. cannot 
coniinn the peaks TIE amounfs of the aliphat~c carbon connectedwth oxygen may or can not be 
so large compared wth the other forms ofcarboq and the peaks may be overlapped so mthe actual 
specbathe peaks nught not appeared 

Table 2 shows structuml parameters ofthe revised model chemical sbuctum. The values off and 
t a j C , w e r e a l m o s t s i m i l a r b e t w e e n t h e i n i t i a l a n d t h e r e ~ m o d e l ~ ~ t h e v a l u o f  u 
andWCweredifkent Thevalwsof a werehigherfortheinitlals?mctumandthevaluesof 
WC were higher for the revised structures. This was bemw, in the modification process, we. 
added some methyl and ethyl groups and reduced some naphhnic ring struchm in order to fit the 
d spectra In this regard, further examination is q u u d  to coincide these riala Howwer, 
relatively good agreement was obtained between the actual specba and calculated ones by the MW 

models. 

CONCLUSION 
The solid-state ‘v Nh4R spectra ofthe model structures for the three e m  W o n s  were dimat& 
using the NMR chemical shiflcalculat~on method By comparison of theesthnatedspecba with 
the observed ones, some c o d o n s  wwe made to the chemical struchne of models to fit their 
s p m ,  and we proposed the modified model shctum based on NMR chemical shift calculations. 
The energy-minimum conformation will be calculated by the molecular mechania and molecular 
dynamics 
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Table I Sbuaural plrameters of extmcts of Upper Freepolt coal2 
ulbmate analySlS (wt”/.)” Structural puameters 

sample C H N S ob M., f. HJC. o HK molecular 

formula 

Ongmalmal 862 5 1  19 2 2  4 6  0 71 

As 885 6 7  1 1  0 5  3 2  520 071 069 039 091 C,H,NO 
Ps 866 5 8  2 0  18  45 1270 078 072 051 075 C9&N2O5 

PI 858 5 0  21  I 1  6 0  2210 079 071 048 070 C,,H,,$J,SQ, 

a)dryashke 
b)calculated as the difference 

Table 2. Sbuctural parameters of the revised model chemical stmctms 

fnmula 

As 0.71 0.71 0.30 1.0) C,HaO 

I 

Ps 0.79 0.69 0.44 0.81 G,H,N20, 
PI 080 0.67 0.40 0.77 C,,,H,,,N,SO, 
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Figure 1 Model structures of 
Upper Freeport extracts.' 
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Figure 2 
spectra ofmodel chemical structures(-). 

Measured SPE/MAS "C NMR spectra of solvent extmcts(- - - - - -) and calculated NMR 
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Figure 4 Measured SPWMAS '% N M R  specha of solvent extracts(- - - - - -) and calculated NMR 
specha of modified model chemical struaures(-). 
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